Turbo Coded Space-time Block codes for four the system by scattering the information in the space, time

transmit antennas with linear precoding or frequency domains. At the receiver, before turbo deapdin
a simple linear detector offers a good trade-off between
Vincent Le Nir, Maryline Hélard, Rodolphe Le Gouable* Performance and complexity thanks to low interference serm
First, in session Il, we recall the channel representation o
Abdract—in thi bine Turbo Codes (TC) and OSTBC. In session lll, we focus on the state of the art of 4
ract— In this paper, we combine Turbo Codes n it ayicti i
Space-Time Block goging (STBC) in order to exploit( ch)ar?nel transmit EX|§tlng systems and espe_C|aIIy on QOSTBC channel
coding and spatio-temporal diversities. Moreover, linearprecod- representation. In SEssion IV, we introduce our new scheme
ing matrices are combined to efficiently improve the spaceime fOr 4 antennas, which is based on the combination of one
diversity order of the multiple antenna system. In addition of particular linear precoding technique with OSTBC. Forrsula
these good performance results, the proposed system implemts  are given, highlighting the importance of the interfereterens
a Srzqugiit””s;';ldgfgg?é ?ﬁéﬁaﬁﬁupéioﬂkﬂﬁﬁécmhi(ﬁ;w?e t\;ecrt%);g that must be minimized in order to increase the performance.
ggrrepntly )L/Jsed Fi)n such systems. Performance results, obtaed Before concl_udlng, we glve_5|mulat|9n r_eSUItS (_)f the prcmbs
by simulations are given for a 4 transmit antenna system, System for different precoding matrix sizes, with and witho
with different precoding matrix sizes over flat Rayleigh fadng duo binary turbo channel coding. We compare the obtained
channels, for a global system including turbo channel codig. performance to existing four antennas systems.
s e arenon o T e sr et o PO tisStu frequency non-selectve fat Rayleah fgin
schemes given in literature. ' channel and time invariance duririg symbo_l durations are
assumed as well as perfect channel estimation. Hence,ghe th
oretical channel response, from transmit antehta receive
I. INTRODUCTION antenna- can be estimated b, = p.e’*". Moreover, we

Since 1993, Turbo codes are demonstrated to be V(%ro gzgﬁrrgggisgiﬁggn;hannels from each transmit antenna

efficient to exploit the coding diversity, performing clote
the Shannon limit [1]. In 1996, Foschini demonstrated that
the spectral efficiency increases linearly with the minimaofm
transmit or receive antennas [2] when using multiple ardenn In this section an OSTBC description based on channel
systems. Another way to exploit multiple antennas is to usepresentation is given.

Il. GENERAL OSTBCDESCRIPTION

STBC. The Alamouti code [3] can be represented as follows:
The initial two-transmit antenna Orthogonal STBC (OS-

TBC) proposed by Alamouti [3] is merely decoded with Gy = { 51 —Sé ] (1)

a linear operation. Another advantage of this code is its 52 51

unitary rate. Then, Tarokh [4] extended OSTBC to 3 or 4 ynder the assumption that the fading coefficients are con-
transmit antennas with linear decoding as well, but resuilti stant overT = 2 consecutive symbol durations, the Alamouti

in lower 1/2 and 3/4 rate codes. Since, many studies have bgeTBC code forV, = 2 transmit andV,. = 1 receive antenna
carried out to find out space-time codes with more than twe represented by:

antennas and rate one, all resulting in Quasi OrthogonallSTB
(QOSTBC) [5, 6, 7], thus requiring more complex than linear r=Hs+n )
detector such as Maximum Likelihood (ML) detector.

In parallel, linear precoding also called constellatiotation Wherer = [r; 2] is the received signal over two consecutive
was demonstrated to efficiently exploit time diversity fopymbol durationss = [s; so]” is the transmitted signal,
Single Input Single Output (SISO) systems [8]. In [9], a syst 1 = [11 no]” is the additive white gaussian noise,
combining the STBC proposed in [5] with linear precoding hy  ho
is presented, but the complexity of its ML detector varies H= { _hE R ]
exponentially with the length of the precoding matrix. 2

In this paper, we tested the influence of the channel Codiﬁgthe equivalent channel matrix for the 2 successive symbol
for the system pesented in [10], where linear precoding afgrations over 2 antennas, ahdis the channel response of
OSTBC are efficiently combined. As channel coding schemi&€ transmit antenna
we have implemented the robust duo binary turbo channelThe decoding step consists in applying the transpose con-
encoder that is proposed in DVB-RCT standard [11]. Thiygate of the channel matrix to the equivalent receivedorect
scheme is compared to linear precoded QOSTBC described fte Alamouti decoding is performed by:

[9]. As we will show, the diversity order increases with tlimes

of the precoding matrix. We will focus our attention on linea §=As+n (4)
prepoding_ _matriceg b"’?sed on Hadamard.matrix cons_tructi%lrhereg = [31 )T is the estimated symbol vector after
This specific combination of turbo coded linear precodind argjr

. . T ecoding,A = Hf H = \.I,, where (.)" stands for the
OSTBC has the effect of increasing the overall diversity cfranscor%ugatelg the identity 22)(2 matri(x?A — 1ha]? + |ha?

/ H i ; ;
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Fig. 1. Linear precoding with OSTBC transmitter and reaeive

Combining (MRC) equalizer. However, an equalization pro- The global transmission/reception scheme is given by:
cess can be carried out according to the Zero Forcing (ZF)

or Minimum Mean Square error (MMSE) criteria leading to Ap=©.A..0f )
different performance when using linear precoding. According to the theorem of diagonal decompositidry,
is an Hermitian matrix and®; an unitary matrix used in
I11. EXISTING SYSTEMS WITHFOUR-TRANSMIT the system as linear precoding matrix. When these unitary
ANTENNAS matrices are constructed according to the orthonormal t&mp

STBC codes of rate 1 for 4-transmit antenna systems df@damard matrices, the diagonal terms/Af are equal to
not orthogonal. They can be expressed by (2) where the sum of the)\;’s, providing full diversity on the detected
[r1 7o 75 74]7 is the received signal ang= [s s, s3 s4]7 the symbols. In addition, we remark that the interference terms
transmitted one. The total transmit powerfts Each antenna correspond to the difference between thags.
transmits a symbol over one symbol duration, therefore each
antenna transmits symbol at a power Bf4. The matrix A. Linear precoding based on Hadamard construction
representation described in section Il can be extendede&eth
QOSTBC schemes [5, 6, 7]. For the QOSTBC proposed in [ﬁl
by JafarkhaniH is therefore a 4x4 matrix equals to:

2 © e
H, H ) \/j L/2 L/2 ] 9
H= { i } (5) v L [ O —Orp ©)

We propose to use the following linear precoding based on
e Hadamard construction matrix such as:

—-H; Hj
. . . . i =2n *n> :
while the NOSTBC proposed in [6] by Tirkkonen is: with I = 2", n € N*, n > 2 and
"91 ]02 3
H, H, _ e’ . cos 1) e’ sin7)
H= [ H, H, ] (6) ©2 [ —e79% sinn e 7% cosn (10)
The equivalent channel matrix for 2 successive symbolbelonging to the Special Unitary group SU(2), therefore
durations over 2 antennas is: det(®2) = 1. This leads to the following general expression:
hoi—1  ha }
H'L' = |: * * (7) 1 2 1 2
_h2i h2i—1 A, = z A1L/2 + A%/Q Af/Q - A%/Q (11)
where ho; and ho;_; are the channel responses of transmit L AL/2 - AL/2 AL/2 + AL/2
antenn&; and2i — 1 respectively; € N* . with
In [9], the authors propose to apply a linear precoding Ai/z = @L/2-A1L/2~@fg 12)
to non orthogonal matrix [5] and to use a ML detector at A2, =0O;,,A2,.0
. . . o L/2 L/2-82p/2-M L2
the receiver part. The implementation complexity increase
exponentially with the size of the precoding matrix. To sum Ai/z 0
up, all these OSTBC require ML or similar detectors due to AL = 0 A2 (13)
high interference terms. Lrz
where
IV. PROPOSED SCHEME FOR FOUR TRANSM+ANTENNAS 1 ,
. . . . AL/QZdzag()‘la"w)‘L/Q)
The system, combining the Linear Precoding with OSTBC (14)

7 4 : . A A2 = diag(\ oA
(transmission and reception sides), is presented in Figure L/2 iagArj21, -5 Ar)

without channel coding. When duo-binary turbo channel cotht the case of interleaving. Indeed, the interleaving has th
ing is implementing, the encoder is inserted before symbeffect of mixing eigenvalues between different blocks,sthu
mapping whereas the channel decoder is added after the components of the resulting eigenvalue matrix are reiffe
symbol demapping module. from each others.



Therefore, forL = 2, we obtain the following hermitian Therefore, as for the previous QOSTBC codes with 4 antennas,

matrix: the total transmit power per symbol duration is equaPto
The corresponding OSTBC matrix representation for our
A, = [ ‘C‘ Z } (15) one-rate four antenna system with a diversity order of 2 is:
with S SR
S S
a = cos? .\ + sin_2 n. A2 G2 = 8 6 sy —st (22)
b= —cosn.sinn.e? 102 (N — Xy) (16) 0 0 s4 53
c = —cosn.sinn.e 7 (01+02) (N — \))

d = sin? 7.A1 + cos? 7.\ The channel represe_ntation of the QSTBC codes gives the
) ) _ ) _ equivalent channel coding matrF{ of size4 x 4:
Since®y, is an unitary matrix, the diagonal elements of
A are similar to: | H 0
H= [ 0 H, ] (22)
Lp2—1 ) L ‘ At the reception side, in (4) we get = A, = HEH =
i = 7 Z cos” N Agp41+sin”n. Ao o Vi € [1... L] (17) diag(\1, M, A2, Ao) where \; = |h1|2 + |h2|2 and )\, =
=0 |hs|? + |ha)? leading to a 2 channel diversity order. Before

while the interference terms are all difference betweeseaheris space-time code, we apply a linear precoding repredent

Ar's. One of these interference terms is: by an L x L unitary matrix described in the previous section.
4 L/2—1 For L = 4 when applying the optimal coefficients, we
il = —2 cosn.sinn.e 011020 N7 (Xo1 1 — Agppn) obtain: o )
=0 _ 7] _ +]
ik € [1...L]Z¢k(18) ®2=5| 145 —1+4 (23)
Owing to equation (13), the other terms of interference areand the global transmission and reception system is de-
also sum of differences between eigenvalues. scribed by:
By simulation, we found that the optimal BER performance
results were obtained with pure real or pure imaginary inter A, =0,.A,.00 (24)
ferengs, Iggdlng to the c_hosen ya!up& Ty 02 =01 -3, A 0 M A 0
#, = =& giving the following matrix:
4 1 0 A1+ Ao 0 AL — A2
Ay== (25)
A 71 A+ A Ao — A\ 19 2 A1 — Ao 0 AL+ A2 0
275 A — A1 AL+ Ao ( ) 0 AL — A2 0 AL+ A2
Therefore, with these coefficients, we get the following Where the diagonal elements af; are all equal to:
global formula: L=4
Q;; = % l; |hl|2 Vi € [1 .. 4] (26)

L
1
Ap=7 S NI+ (20)

=1
with I the identity matrix of sizel x L andJ the matrix of
interference terms.

Therefore, owing to linear precoding, the exploited channe
diversity order increases from 2 to 4. Moreover, interfeeen
terms are either null or similar to:

. 2 4
One can see that diagonal elements are the sum of the am = (3 )2 = 3 [uf?)
eigenvalues and the interference terms are sum of differefic '2 =1 =3 (27)
eigenvalues. This particularity is conserved wHeincreases. ik €[1... Lk

Moreover, for flat independent Rayleigh channels, when L it e take = 4 with the Alamouti scheme and interleaving
increases the diagonal terms tend to a non-centered Gaus§ja optain the following diagonal channel matrix:

law while the interference terms tend to a centered Gaussian
law. A4 = @4.A4.@f (28)

with Ay = diag()\l, )\2, )\3, )\4)

B. System description ’ )
Then, the resulting matrix becomes:

In our 4-transmit antenna system, we first apply Alamouti

OSTBC in order to keep the rate of our proposed scheme to at+b c+d a—-b c—d

one. The Alamouti OSTBC is applied alternatively to antenna | _ 1t —c—d a+b —c+d a-b (29)
1 and 2 and then to antennas 3 and 4. Thus, the symbols are 4 a=b c¢c—d a+b c+d
transmitted over the first group of transmit antennas 1 and —c+d a—-b —c—d a+b

2, with a powerP/2 over two symbol durations, when the,;in

other antennas are switched off. Then, the other symbols are a=A+X b=A3+ N\

transmitted over the second group of transmit antennas d.and c=M—Xy d=MX3— )\ (30)



have demonstrated that the best performance are obtained
- when interference terms are either pure real or pure imagina
] This conclusion leads to choice for instange= %, 01 =
S and 6, = 3l In addition, a Minimum Mean Square
Error (MMSE) equalizer was demonstrated to provide the best
performance for OSTBC decoding with linear precoding.

Applying the MMSE equalization, we get:

o 1E-02-
w
M 5E-03- Ny
] > |hil?
2E-03- ——+ Without prec. A= ]\,:_17 (31)
Fe—=]L=4, LIN 3 |hi|2+%
1E-03 L +] Jaf. ML i=1
5E,04f EEL=4, ML where~ is the Signal to Noise Ratio at the receive antenna.
P—qL=64, LIN In Figures 2 and 3, we present BER performance obtained
oE-04- E—Jawen respectively with or without channel coding. The simulated
systems implemeniV, = 4 transmit andN,, = 1 receive
[L0E-04 ‘ w ‘ antennas, excepted for the referedce 1 Alamouti curve.
0.0d8 5d8 Ep/NOQ 109 [16.0 dB

In these figures are represented several curves:

Fig. 2. Performance, without channel coding, of OSTBC witadeimard » "without prec corrgsponpis to the ref.erence A.Iamou“

linear precoding fom=2bps/Hz and 4-transmit antennas OSTBC curve, applied without precoding technique for
Ny =2 andN, = 1;

o "Jaf. ML" corresponds to the QOSTBC system imple-
menting Jafarkhani codes and needing a ML detector at

1.0E-01 - :
] N the reception side;
5E-02 N o "L = 4 ML" corresponds to our proposed scheme with
A\ a ML decoder using precoding Hadamard matrix of size
2E-021 ‘\\\\ 4
AN e "L = 4 LIN" corresponds to our proposed scheme
1E-02| O . ) X ) .
] \ \& implementing a Linear decoder with Hadamard precoding
%5503—’ \ | matrix of size 4;
o VA e "L = 64 LIN" corresponds to our proposed scheme

implementing a Linear decoder with Hadamard precoding
VoA matrix of size 64;

2E-03{ =] Withaut prec.

1E-03 [e=lL=a, ML I " v . . . .

| B+Jaf. M L \ . AWGN is th_e curve obtained with only Additive White
se.0a] B1L=4, LI \\ \ Gaussian Noise.

1 e L=64, LIN § ! Without channel coding, we observe that the specified

\
VR precoded system witlh, = 4 outperforms of 2 dB the sole

2E-04 —]AWGN \ ) ' g
Lo Alamouti scheme without precoding BF R = 10~3. In fact,

l.OE—Oa

\ 4
00d8 1d8 2B SdI%b/NﬁdB sas  eas [7oas all diagonal terms; Y- |hy|? follow a x2 chi-square law while
=1

2
the interference terms i hi|? h follow a
Fig. 3. Performance, with duo-binary turbo channel codafgQSTBC with é Z | l| Z | l| ) X4

Hadamard linear precoding feyj=2bps/Hz and 4-transmit antennas difference. We can n0t|ce that fdr = 4 the penalty when
using linear detector instead of the ML detector is very $mal
(around 0.5 dB at BER*0~3) but the complexity of the linear
detector is quite lower than the ML detector. We remark that
both ML detectors give quasi-equal performance. However,
with 16 degrees of freedom with interleaving compared to\ge observed that our proposed scheme outperforms all the
chi- square law with 8 degreeS of freedom without |nterIBg\/| other when L |ncreases[/(— 64) This result is due to the
a—b— Z a2 — Z |h;|? is one of the interference termsinterference terms that decrease when L increases (cfOpq(2

and that the diversity grows with L, following g3, law for
leading to a dlfference between chi-square laws with 8 ‘Egr%hagonal terms. In fact, fof, — 64, the slope of the curve is
of freedom, and the others components follow the same 'a‘é’rmost parallel to the gaussian curve.

8
We can note thai+b = Z |h;|? leading to a chi-square law

With duo-binary turbo channel coding of half rate, we show

V. BER SMULATION RESULTS that the performance of the turbo code associated with a ML
We carried out simulations over flat independent Rayleigpace-time detector leads to worse performance than associ
channels. Depending on the choice®$ matrix, simulations ated with a linear detector. We can explain this phenomena
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VI. CONCLUSION

In this paper, we have proposed a new scheme relying on the
combination of OSTBC, issued on the Alamouti scheme, and
a linear precoding, based on Hadamard construction matrice
This new scheme is applied to a 4 transmit antenna system
and leads to an efficient exploitation of space-time divgrsi
In addition, as a linear detector is used at the receptia) e
complexity linearly increases with the precoding matrizesi
but not exponentially compared to ML detectors often used in
such precoding systems. Like this, our system described wit
4-transmit antennas may be applied to other OSTBC codes and
several antenna configurations. The performance resuits sh
that a simple linear detector is sufficient when using an OS-
TBC combined with linear precoding. This conclusion remsain
valuable since a turbo channel coding is used. In additi@n, w
have seen that the conclusions about systems can be differen
when channel coding is applied or not, depending to the
activing channel detector area, i.e. at a BER of atiold—2
before decoding. Our proposed scheme can be combined
to other OSTBC and can easily be fitted into multi-carrier
systems (OFDM or MC-CDMA). Therefore, these precoders
can be applied to various MISO or MIMO transmissions in
order to exploit spatial, temporal and frequency divegsitiTo
conclude, we can say that the use of the Alamouti scheme for
two transmit antennas or our proposed scheme for two or four
transmit antennas, are good choices of transmission cbain f
future wireless communication systems.



